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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Doxorubicin (DOX) and methotrexate (MXT)
are strong anticancer agents and gold standard therapy for
several malignancies, with efficacy restricted by cardiotoxicity.
Milk thistle extract (MTE) has demonstrated strong antioxidant
and cytoprotective properties; we sought to determine the role
of MTE in protection against Dox or MXT-induced cardiac
damage.

Methods: A total of 35 white albino rats were divided into
five groups: control, Dox alone (1.66mg/kg/48hr, IP) group,
MXT alone (oral 0.5mg/kg/48hr, oral) group, Dox+MTE
group (1.66mg/kg/48hr Dox IP+150mg/kg/day MTE oral),
and MXT+MTE (0.5mg/kg/48hr MXT oral +150mg/kg/day
MTE oral) group. The duration of experiment were seven
days. A histopathological examination was done at the end of
experimentation.

Results: Dox and MXT use in the rat model has induced severe
cardiotoxicity with inflammatory cell infiltration, structural
damage of cardiac tissue, and morphological changes. Milk
thistle pretreatment extensively saved cardiac architecture.

Conclusions: MTE use with Dox or MXT demonstrated
marked cardioprotection potential via reduced inflammatory
cell infiltration and cardiac tissue protection, suggesting that
MTE could potentially emerge as a valuable tool to block
cardiac complications in Dox- or MXT-treated patients.

Key words. Doxorubicin, methotrexate, milk thistle extract,
cardiotoxicity, chemotherapy.

Introduction.

Doxorubicin (DOX) and methotrexate (MXT), considered as
the most popular and strong chemotherapeutic agents in clinical
settings for the treatment of oncology, via their efficacy against
a wide range of malignancies (e.g. breast cancer, lymphomas,
sarcomas, and acute leukemia), significantly enhance survival
quality for cancer patients [1,2]. Nonetheless, the indication of
these anticancer agents is severely restricted by their cardiotoxic
adverse effects, which can present as acute cardiac dysfunction,
chronic cardiomyopathy, and eventually congestive heart failure
[2].

The mechanism of cardiotoxicity is complex, involving the
generation of reactive oxygen species (ROS), lipid peroxidation,
mitochondrial dysfunction, DNA damage, and perturbation of
calcium homeostasis inside cardiomyocyte [3,4]. Dox has a high
affinity for cardiolipin, mitochondrial membranes' phospholipid,
which leads to accumulation in heart tissue, resulting in
oxidative stress and hence progressive myocardial damage [5-
7]. Moreover, doxorubicin hinders iron metabolism, enhancing
the production of doxorubicin-iron complexes that catalyze free
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radical production through Fenton reactions, further worsening
cardiac injury [8,9]. While methotrexate induces cardiac injury
through a cascade of biochemical destruction that starts with its
blocking of dihydrofolate reductase [10], leading to blocking the
conversion of dihydrobiopterin to tetrahydrobiopterin, and also
uncoupling nitric oxide synthase leading to increased apoptosis
induced by T cells and mitigating the immune response [11].

The need for a cardioprotective agent that can mitigate
anticancer-induced cardiac toxicity without compromising
anticancer efficacy has directed research into natural compounds
with cardioprotective impacts, including milk thistle (Silybum
marianum), due to its antioxidant, anti-inflammatory, and
cytoprotective properties. The present study aimed to assess
the cardioprotective role of milk thistle extract (MTE) against
doxorubicin or methotrexate-induced cardiotoxicity by
examining histopathological changes.

Materials and Methods.

Study design: The study was ethically approved by the
College of Medicine (University of Mosul, Iraq), Ref: Session
30 on 06 October 2025. The experimental part on laboratory
animals was conducted in the animal house utility of the
College of Veterinary Medicine (University of Mosul, Iraq). A
total of 35 rats (age, 10 weeks old; weight, 200 grams) were
kindly provided by the animal house utility at the College of
Veterinary Medicine for use in this study. These rats were
adapted for 2 weeks and handled under standard conditions of
light/dark cycle, temperature, and humidity, with free access to
food and water.

Experimental design:

The 35 rats were subdivided into 5 groups:

C=Control group (7 rats): were administered normal saline
(orally, 7 days).

Dox = Doxorubicin group (7 rats): received Dox IP at a dose
of 1.66mg/kg every other day.

MXT=Methotrexate group (7 rats): received MXT orally at a
dose of 0.5mg/kg every other day.

Dox+MTE = Doxorubicin and milk thistle group (7 rats):
received Dox IP at a dose of 1.66mg/kg every other day with
milk thistle at an oral dose of 150mg/kg/day, for 7 days.

MXT+MTE = Methotrexate and milk thistle group (7 rats):
received MXT orally at a dose of 0.5mg/kg every other day with
milk thistle at an oral dose of 150mg/kg/day, for 7 days.

Drug preparation:

Drugs have been freshly prepared in the laboratory and
given to animals orally by gavage needle and IP by syringe
needles. Doxorubicin inj (Doxo-cell 50 mg, Stadapharm Gmbh
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(Germany)) was diluted for administration using normal saline.
Milk thistle extract (300mg, NOW Foods (USA)) and MXT (2.5
mg, EbewePharma (Austria)) for administration.

Histological examination:

Rats were sacrificed at the end of the experiment by cervical
dislocation under deep anesthesia. The heart tissues were
harvested from rats in each group and thoroughly rinsed
with normal saline and fixed in 10% buffered formalin for a
few days at room temperature until ready for processing.
Tissue processing for slide preparation started with alcohol
dehydration by exposure to graded alcohol to ensure complete
dehydration, followed by clearing at the end by impregnation
in xylene (twice, 1 hour each) to remove alcohol, to be ready
for paraffin embedding and molded in embedding cassettes. The
formed paraffin blocks were sectioned using a rotary microtome
at 4-5um thickness [12]. The slices were placed over slides and
then deparaffinized and rehydrated to be ready for staining with
hematoxylin and eosin (H&E), moreover, oil red o staining for
lipid was used for Dox alone group to stain deposited lipid.
All slides were examined by light microscopy using a digital
camera system.

Results.

Control group:

The heart tissue sections from control group rats, showing
intact cardiac muscle, demonstrating parallel organization of
muscle fibers in a striated manner. Interstitial spaces inside
cardiac muscle fiber showed scattered mild lymphocytic
infiltration (Figure 1).

Dox group:

Cardiac muscle tissue demonstrated vascular congestion
throughout the myocardium with lymphocytes dispersed
between the muscle fibers. The cardiac myocytes showed
disrupted striated shape due to the inflammation and congestion
(Figure 2A). Adjacent to the cardiac tissue, a hibernating or
dormant fatty tissue is noted, forming a characteristic contrast
with the striated heart muscle (Figure 2B).

| ] il \ I

l.il' Iyl ..II- AL Y s
Figure 1. Photomicrograph of the heart section from rats in the control group showing (A) heart muscle with vessels (H&E; x100), (B) heart
muscle with mild lymphocytic infiltration between muscle fibers (H&E; x400).
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MXT group:

Cardiac muscle characterized by disrupted cardiac striated
organization with vacuolation, alongside severe lymphocytic
inflammation throughout the interstitial spaces between muscle
fires (Figure 3).

Cardiac muscle characterized by disrupted cardiac striated
organization with vacuolation, disrupted longitudinal bundles,
fragmented tissues, alongside severe lymphocytic inflammation
throughout the interstitial spaces between muscle fires (Figure 4).

MXT+MTE group:

The cardiac muscle demonstrated a striated shape with fibers
arranged in parallel bundles running in different directions. The
interstitial spaces between muscle bundles demonstrated slight
changes, with mild lymphocyte infiltration and slight vessel
congestion (Figure 5).

The muscle fibers presented with their normal striated pattern
with slightly congested capillaries within the tissue, alongside
mild lymphocyte accumulation between the muscle fibers
(Figure 6).

Dox+MTE:

The cardiomyocyte appeared with their striated longitudinal
bundles, with severe blood vessel congestion, severe scattered
lymphocytic infiltration within muscle layers (Figure 7).

The muscle fibers preserved their striated appearance pattern
and are arrayed in organized bundles arranged longitudinally
across the field, and slightly dilated blood vessels and capillaries
appeared between the muscle fibers. The cardiac myocytes
maintained their structural integrity with visible nuclei and well-
defined cell boundaries. The interstitial spaces appear mildly
expanded, consistent with the described congestion (Figure 8).

Summarized the histopathological outcome:

MTE has protected the cardiac valve from abnormalities
compared to Dox or MXT alone, moreover, Dox or MXT have
moderate to severe focal lymphocytic infiltration in valve tissue
and acquired abnormal cartilage metaplasia, it reflects structural
damage and remodelling processes.



between muscle fibers (H&E; x400). (B) heart muscle with clear lymphocytes infiltration between muscle fibers (H&E, x400).
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Figure 5. Photomicrograph of the heart section from rats in the MXT+MTE group showing heart muscle with no significant changes (H&E; x400).
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Figure 6. Photomicrograph of the heart section from rats in the MXT+MTE group showing heart muscle with slight congestion & mild lymphocytic
inflammation between muscle fibers (H&E; x400).

Figure 7. Photomicrograph of the heart section from rats in the Dox+MTE group showing heart muscle with slight congestion & mild lymphocytic
inflammation between muscle fibers (H&E; x400).
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Figure 8. Photomicrograph of the heart section from rats in the Dox+MTE group showing heart muscle with mild congestion (H&E; x400).

Table 1. Summarized outcome of the processed tissues in the studied groups.

Tissue parts C Dox MXT MXT+MTE Dox+MTE
. . . Moderate . .

Muscle fiber necrosis Negative Sever necrosis necrosis Weak necrosis Moderate necrosis
Nuclei No changes  No changes Slight changes ~ No changes No changes
Intra:lcardlac Normal Sever congestion Modera_te Mild congestion Modera_te
Capillary Vessels congestion congestion

Cardiac muscle i : . .

! " Cells infiltrate Mild Sever Sever Mild Sever

Lymphocytes
Cells infiltrate: Negative ositive ositive Negative ositive
Neutrophils & P p & P
Cells infiltrate: . . . . .
cosinophils Negative Negative Negative Negative Negative
;};il;;f::;cytlc Negative Sever focal Moderate focal |Mild focal Mild focal

Valve changes Cartil Cartil Cartil
Abnormal tissue Negative aruage artrage Cartilage metaplasia artrage

metaplasia metaplasia metaplasia
Very slight Severe Severe
Subpericardial fat Inflammatory cells immune cells . . Moderate Infiltration Severe Infiltration
present Infiltration Infiltration

MTE has no role in changing the nuclear morphology,

correspondingly, both groups showed mild congestion of
intracardiac capillary vessels, reflecting that MTE protective
effects are limited to the heart rather than the vessels.

Discussion.

The present study confirmed that MTE has provided
cardioprotection against Dox or MXT in the rat model, as
confirmed by histological changes induced by Dox or MXT and
blocked by MTE. The histopathological findings of diminished
cardiomyocyte injury offered morphological confirmation of
MTE protective effects at the histological level. The reduced
rate of myofibrillar interruption, cytoplasmic vacuolization, and
nuclear disruption revealed in Dox- or MXT-exposed animals
reflects that MTE defends against the direct cytotoxic effects
of Dox or MXT on cardiac muscle cells. The protection of
intercalated disc integrity and protection of normal sarcomere
organization imply that MTE defends not only individual
cardiomyocytes but also the structural architecture necessary
for integration of cardiac contraction. This marked cellular
protection is important for blocking both acute cardiac
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malfunction and the continuous architecture remodelling that
discriminates chronic anthracycline cardiomyopathy.

The anti-inflammatory effects of MTE contribute notably in its
overall cardioprotective profile [13-15]. The histopathological
study revealed markedly mitigated inflammatory cell infiltration
and decreased expression of pro-inflammatory markers in
cardiac tissue in MTE-treated rats [1,16,17]. This outcome
is congruent with recognized actions of MTE ability to alter
inflammatory pathways, including nuclear factor-kappa B
stimulation and intracellular cytokine production [18-21]. The
blocking of inflammatory biomolecules is clinically related
because chronic inflammation has a great role in the transition
from acute cardiac injury to progressive heart failure; hence,
MTE interrupts this inflammatory cytokine synthesis, providing
cardiac damage [23,23].

The mechanism of action of MTE in providing protection
against heart toxicity via antioxidant, anti-inflammatory, and
cytoprotective activity [24-26]. These actions pertained to
MTE have provided protection against anticancer-induced
cardiotoxicity, whose primary cardiac toxicity effects are related



to oxidative stress, release of proinflammatory cytokine pools,
and cardiac tissue damage [2,24].

The use of Dox in children's oncology is associated with
a high cure rate but restricted by cardiotoxicity, so MTE
provided cardioprotection [14,21,22]. This safety profile and
well-documented tolerability profile enable clinical translation
to potentiate the transfer of MTE directly to clinical settings.
Assessing whether MTE impedes antitumor efficacy is a
significant future objective [27,28].

Conclusion.

The study concluded that both Dox and MXT have shown
cardiotoxicity effects, confirmed by damaged cardiac tissue
structural components and infiltrated immune cells. The Extract
of milk thistle has provided protection against either drugs
by retaining the histological architecture of the heart tissue.
Moreover, the extract has mitigated inflammatory infiltration in
rat tissue in both cases.
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